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(U) SUMMARY (U)

(U) Recent development and production experience have shown that
DU and WA are excellent materials for applicatien in anti-tank pro-
Jectiles. Each material can be processed to yield unique combinations
of mechanical properties that can be established to satisfy the environ-
mert that each individual cartridge will experience.

(U) From a preducibility standpoint, each material has its advan-
tages ard disadvantages. If a review were conducted at this peoint
in time, the reviewer would tend to conclude that the producibility
of the materials is essentially equal. However, since one of the
major disadvantages of DU {s the lack of production experience, it
is 1ikely that DU may eventually be considered more producible than
WA once that experience is acquired.

(U) A cost comparison of equivalent DU and WA cartridges (the
XM774 was used for estimating purposes) was conducted. If the life
cycle of a large quantity is considered, the unit cost of each version
was found to be approximately equal (the DU cartridge cost was one
percent cheaper).

(U) Considering the dramatic difference in raw material costs -
DU being approximately ten to thirty times cheaper - this result
warrants further explanation. A main contributer to the cost parity
is the fact that the comparison was conducted on a full loaded and
Tot accepted cartridge where the cost of the penetrator represents a
maximum of one-third of the overall cost. Secondly, a 1ife-cycle
analysis considers demiliterization cost or value. The WA core will
have a significant scrap value while the CU core will require a
nominal cost for disposal, If the acquisition cost is considered,
the DY cartridge is found to be 7% cheaper, duc entirely to the 44%
cheaper DU penetrator cost.

(U) It is likely that the decision maker would be influenced
more by a multi-million dollar present cost difference than by a
theoretical reimbursement in 20 - 30 years. The reality of a signifi-
cant acquisition cost difference gives the DU a favorable balance.

(U) when the inherent penetration performance of the two materials
are compared, the DU is not only a superior armor penetrator, but in
fact 1s required in order to penetrate modern targets with modern ammur.i-
tion.

(U) Finally, 1f the safety, environmental and deployment impli-

cations of the two materials are considered, it becomes read{ly apparent
that WA can be treated similar to any other metal, while DU requires
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a host of special considerations.

(V) Little, if any, special controls are reguired during manu-
facture and testing of WA, while each step in the deployment chain
must be analyzed from a worst case safety and environmental stand-
paint for the DU. The 105mm XM774, the Army's first anti-tank
projectile utilizing DU, served as the standard bearer. It is
becoming apparent that the precedents in terms of special studies and
tests set by the XM774 will apply to the DU projectiles that follow,
and that the material acquisition system will be more adaptable to
cartridges utilizing OU in the future.

(U} 1If an arbitrary tabulation of the advantages and disadvantages
of DU and WA were formulated, it might take the form of Table 1. The
inherent superior performance of DU over WA, combined with the minor
cost advantage more that compensates for the safety and enviromment
requirements and gives the CU an overall advantage. As a result of
production experience with both materials, the margin of that advantage
is net as wide as previously expected.

Table 1 - (U) Summary of Advantages and Disadvantages of DU and WA
as Penetrator Materials

Dy WA
Producibility Even Even
Cost + -
Safety, Environmental and
Deployment - +
Performance ++ -
Overall ' + .




IT, (C) Backaground (U)

.. P Tungsten {U)

(U} During the late 1950's the primary material utilized
for kinetic energy, armor piercing projectiles was tungsten carbide.
Its extreme hardness {Rc 55+), although difficult to machine or form,
combined with its relatively high density (approximately 13 gm/cc)
allowed it to be efficiently packaged in a small volume and provide
a quantum jump in penetration performance against single plate targets
over its nearest competitor, high carbon steel. The M392 {developed
by the United Kingdom) was a prime example.

.'with the advent of spaced armor targets, such as
NATO medium double and heavy triple {Circa 1960) it was quickly
discovered that a tungsten carbide penetrator was susceptible to
break-up against even a thin (e.g. 10mm) front plate and could be
rendered ineffective against the remaining plateiﬁﬁﬂ a spaced array.

(U) The United Kingdom was one of the first to respond
to this problem by developing the L52 (M728) which replaced the
tungsten carbide core and cap with a 93 percent tungsten/7percent
binder tungsten alloy (WA) of similar geometry but heavier due to the
higher density of the WA {17 gm/cc}. A parallel effort in the US
was conducted during the same 1965 - 1972 time frame, the 152mm1 5
XM578 Cartridge Development Pragram to support the MBT-70 tank.*"
The XM578 Program selected a 97.5% tungsten/2.5% binder tungsten
alloy (density of 18.5 gm/cc). The core was encased in a tapered
maraging steel jacket to provide the necessary inbore support due to
the high acceleraticn environment of the 152mm Gun.

(U) With the termination of the MBT-7C Program and the
inftiation of the XM-1 Tank Program, & need was“@ressed for a modern
105mm Anti-tank, Kinetic Energy Projectile. Picatinny Arsenal responded
to this tasking by utilizing the technology gained in the 152mm
Program - specifically the suprojectile - and adapting it to the 105mm
Gun by mears of a saddle sabot.® The 97.5% tungsten alloy was again
selected from all avaflable candidate materials. However, a new
process of swaging, or radial cold working was developed by Picatinny
that resulted in improved core meshanicai properties and substantially
improved penetration performance.

(U} The direct adaption of the XM578 sheath/core
assembly was known to be less efficient than a monolithic tungsten
alloy core of the same weight {and smaller diameter)., The first
steps in this evolutionary process were taken with the XM735E1
and E2 where the volume of tungsten was increasdffwet the expense of
the maraging steel., The final research and deveiopment design of
the XM735, that was type classified M735, contained approximately
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one pound more WA penetrator than did the origiqgl XM735 design.7

(Y) A parametric study was conducted in FY73-74 to
characterize the performance capability of a family of constant weight
(eight pound) penetrators manufactured from both 97.5% tungsteg alloy
and depleted uranfum alloyed with 3/4 weight percent titanium.® The
following design features were considered:

Core Dia (mm) Core Weight (1b) Core L/D
32 8.0 ) 10.7
28 8.0 i 13.3
24 8.0 15.5

These penetrators were evaluated against single
and triple targets. The 28mm was chosen as the most attractive
candidate for further development, and it eventually became the XM774 -
originally with both tungsten alloy (WA) and depleted uranium (DU).
The 24mm diameter proved the most efficient against spaced armor arrays
and only margfnally superior versus monolithic targets. Given the
preponderance of monolithic targets in that pre-special armor era,
coupled with the difficulty envisfoned to adapt the early generation
sabot designs to support a very long, thin core, 28mm was an appro-
priate choice. A second exploratory development program was conducted
during FY76 wherein a 26mm midpoint was evaluated and determined to
be superior (in both WA and oug to the parent 28mm. The configgration
of the XM774 was formally changed to 26mm, as it remains today.

When the final series of Tripartite Trials -
Growth Potential firings were scheduled for December 1977, the Ballistic
Research Laboratories embarked on ? program to further exploit the
capabilities of the 105mm M68 Gun. 0" Their review of the Picatinny
Arsenal study convinced them that the orfiginal 24mm geometry, modified
to increase the L/D from 15,5 to 8.0, could be a functional, superior
item. This basic design later evolved into the penetrator for the 10%mm
¥MB833 and the 120mm XM829,

(U) Testing of the tungsten version of the XMB2S, in
this case the 90% alloy, fired in the July 1979 Germany trials, demon-
strated that despite occasional core failure at hi?? temperature,
impressive penetration performance was obtainable.

B. . Depleted Urantum (U)

(V) The availability of depleted uranium (DU) increased
during the 1950's to the paint where its application could be considered
for non-Ameic Energy Commission - now Department of Energy (DOE) -
programs.



(U) Early reactor designs required DU rods as fuel
sources. Several manufacturing facilities were constructed to satisfy
the high tonnage requirements of DU rods necessary for the production
of weapons material and the fledgling commercial electrical generation
industry. As the second generation of reactors were installied in the
late 1950 - early 1960's, reactors that did not use DU as a fael, both
material and facilities became available for alternate uses.

(U) A1l three armed services began to experiment with
the material for various applications. The initial Army work was
centered at the US Army Material and Mechanics Research Center,
Watertown, MA. Considerable research was conducted on alloy develop-
ment as well as mechanical and chemical properties of various candidate
compositions for military use.

(U} One of the Army's first applications of DU was as a
ballistic weight in the spotting round for the Davy Crockett missile
warhead. A four alloy "U'Quad" was used for experimental tests on the
105 and 120mm Delta APFSDS Program in the early 1960's. The Delta
Program (which evenutally evo]v?g into the 152mm XM578) chose tungsten
alloy as a penetrator material,

. The DU candidates at that time had two generic
problems: the newness and complexity of the various alloys led to
lot-to-1ot inconsistency, and a direct comparison of DU and WA showed
the WA to be at least equal in penetration performance. Given the
target requirement of that time frame (six inches of armor at 600),
the equal performance of DU and WA is understandable.

(U) The Army's lack of continuing interest in end item
DU development during the 1960's was not typical of other services.
The development of the Navy's PHALANX ship fired, anti-missile pro-
jectile initially considered a wide spectrum of candidate materials
and eventually selected the U-2Mo alloy. The Air Force (AF) GAU-8A
Program, a small, rapid fire projectile designed to attack the top
of a tank when fired from the A-10 aircraft, selected U-3/4T1i.

(V) The AF GAU-8A completed development in the mid-
1970's and was deployéd to NATO forces in Europe in 1978. The
PHALANX Program experienced a series of administration and funding
problems and production was delayed until 1979,

The Army's interest in DU was reactivated in 1973.
In an effort to fully exploit the capabilities of the 105mm M68 Tank
Gun, all design options were reconsidered, Several factors had changed
since the Army's earlier experiments with DU, The requirement to
defeat a heavy, monolithic target at nominal ranges had evolved into
a requirement to defeat a wide spectrum of NATO standard targets includ-
ing a heavy triple spaced array, and hints of the development of much
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more complex and difficult target descriptions loomed on the horizon.
The development of DU alloying and manufacturing techniques had also
advanced, particularly in the Department of Energy {DOE) laboratories.

{U) The 105mm “Growth Potential" PEOgram, the Expior-
atory Development Program that produced the XM774°, considered all the
options and requirements and selected U-3/4 Ti as the penetrator
material. It was determined, based on field testing, that the use of
DU was necessary to satisfy the performance requirements.

(U) The XM774 established a precedent for tank ammunition
such that all major development items that have followed (e.g. 105mm
¥MB33 and 120mm, XM829) have selected DU,

(U) A summary of the historical evolution of these
materials for use in munitions is shown in Table 2.
Table 2 - (U) Historical Evolution of Tungsten Alloy and Cepleted

Uranium in Conventional Munitions

HISTORICAL EVOLUTION

™
TUNGSTEN
TIME FRAME MATERIAL TYPE
1940 - 1950 Steel AP Shot
1950 - 1960 WC APDS
196C - 1975 WA APDS
1975 - 1980 WA - Swaged APFSDS
DEPLETED URANIUM
TIME FRAME MATERIAL TYPE
1950 - 1965 u | Experimental
1965 - 1975 - U-TI, QUINT QUAD, M0  Small Cal
1965 - 1975 U-TI, QUINT QUAD, M0  KE Experimental
1975 - 1980 U-3/4 TI APFSDS

WC = Tungsten Carbide

WA = Tungsten Alloy ”

U = Uranfum (general)

Tl = Titanium Alloy

QUINT = five alloying elements

QUAD = four alloying elements

AP = Armor pfercing

APCS = Armor piercing, discarding sabot

APFSDS = Armor piercing, fin stabilized, discarding sabot

6
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IIT. (U) Manufacture and Producibitity (U)

(U) Both DU and WA offer the penetrator designer and the
metallurgist a wide range of physical and mechanical properties from
which to choose, Unlike more conventional metals, these alloys can
be processed to yfeld high strength as well as high toughness and
high ductility that are not simultaneously achievable in cher alloys.
While both alloy systems require tight process contrals,14 each has
distinct differences in terms of sensitivity to variation during high
volume production of penetrators. To date, tungsten alloys have been
produced in large quantities; experience with DU, manufactured to
the stringent XM774 requirements, has yet to be demonstrated. The
outline of each manufacturing process that follows will serve to high-
1ight some of these differences.

(') Manufacture of the tungsten alloy penetrator starts
with ammonia paratungstate (APT) and elemental powders of iron and
nickel. The APT is oxidized and then reduced to elemental powdered
tungsten. The powders are then blended with the proper proportions
of each powder and subsequently hydrostatically pressed to cylindrical
preform. Each pre-form is then sintered in a2 hydrogen atmosphere at
a temperature near the melting point of the alloy. The sintered rod,
in some applications, undergoes optional heat treatment. The sintered
bar is then reduced mechanically to a smaller diameter by a radial
swaging machine, Reductions in area between 12% and 25% may be appro-
priate depending on the atloy and the penetrator design. The swaged
blank is then final machined. The critical process steps, once given
a fully developed process, are sintering, heat treatment and swaging.
The penetrator performance appears to be most sensitive to the swaging
conditions,

Table 3 - (U) Physical Properties of DU & WA

TUNGSTEN ALLOY DEPLETED URANIUM
LOW HIGH Low HIGH
Tensile Strength (kpsi) 130 215 165 220
Yield Strength (kpsi) 15 200 65 200
Elongation ?%) 1.0 35.0 5.0 32.0
Fracture toughness - 60,000 27,000 43,000
@ -50°F (Ky.)
Modulus 40 55 16 24
Hardness (Rc) 26 48 36 58

(U) Depleted Uranium, typically begins in the core
suppliers plants as UF, {green salt). The UF, is blended together
with magnesium and heated until a spontaneous exotheric reaction
begins which yields a uranium derby and a by-product of magnesium

7
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floride. The derby is charged into a vacuum furnace with titanium
(0.75%), melted and cast into cylindrical ingots. The ingots are
then extruded or rolled into a rod. A rod is cut into penetrator
tengths and heated in & vacuum furnace to a solutioning temperature,
The bars are then water quenched and aged before final machining.

(U) Some observations on the important differences
between WA and DU include the factor of approximately two greater in
the elastic modulus of WA over DU. This extra stiffness is an advan-
tage in the gun tube where bending or column failure of the forward,
unsupported length of the penetrator could present a problem. How-
ever, 1t is generally believed that the low modulus of DU wfth its
associated low velocity of stress wave propagation is a primary reason
for its superior penetration performance.

(U) Another notable difference 1s the strain rate
sensitivity of the DU as compared to WA, While DU strength changes
very 1ittle as the rate of tensile test changes from 107" /sec to
10/sec; WA can exhibit a 30% increase in strength. Although both
materials undergo a temperature transition, the ductility and tough-
ness of WA does not appear to degrade as drastically as that of DU
when tested at temperatures as low as -500F,

(U) Over the last five years improvements have been made
in the mechanical properties of both WA and DU alloys. Typical
ranges of mechanical properties are shown in Table 3. Because the
WA 1s a metal matrix composite, it probably offers more greas for
advancement or refinement in mechanical properties.

(U) Mass production of a penetrator item from either
of these alloy systems has built-in advantages and disadvantages
(Table 4). The primary advantages of WA are its ability to combine
high dynamic strength with good Tow temperature toughness. This is
further enhanced by a proven ability to achieve thece conditions
in a high volume production line environment. These advantages
are somewhat tempered by the high initial cost of tungsten and the
"myth" about the limit availability. While the cost to mine and
refine tungsten ore is high because of low concentrations, there is
an abundance of free worid scurces more than sufficient go meet all
known or projected requirements, including penetrators.T Many of
these significant tungsten reserves are located in the Northwest
Territory of Canada, However, the US production capability to reduce
the low grade ore is minimal.

{U) Each material has its own critical manufacturing
areas (Table 5). Those associated with WA are the very narrow
temperature range that must be maintained during the sintering
process, the design of the cold work die, and the capacity of US
industry to reduce tungsten ore into ammonia paratungstate. These
critical areas have been successfully mastered in the production of
the M735 WA Core; however, they require constant, careful attention.

UNCLASSIFIFD
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Table 4 - (U) Some Advantages and Disadvantages in Production of DU and WA Penetrators

TUNGSTEN ALLOY

ADVANTAGES

High Toughness {50%
Higher) with High
Strength

Proven High Volume
Production Facility

More Potential on
Technical Limits
for Component

DISADVANTAGES

High Cost Raw Mat'l

Myth of Limited
Availability

Never Quite Equals
DU Penetration

Limited US Reduction
Capability

DEPLETED URANIUM

ADVANTAGES

Better Penetration
Against Complex
Targets

Low Initial Costs
of Mat'l

Std Metallurgy
of Quench & Age
Alloy

Higher Ductility
w/High Strength

Conventional
Extrusion/Ro11
Process

DISADVANTAGES

Handling Restrictions

Restricted R&D,
Production,
Training Firings

No Proven High Volume
Production, HZ20
Quench, Straightening

More Reactive Metal

Experience with High
Quality, Ductile,
Tough, Coated)

Only in DOE

Goes thru Temp
Transition

Q3LISSYTONN
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Table 5 - (U) Critical Manufacturing Areas

Tungsten Alloy

Narrow Temp Range for Sintering
Cold Work Die Design
APT - US Capacity

Depieted Uranium

Plant Flow Dependent on One Critical Press or Roll Mill
Trace Element Sensitivity '

Water Quench/Hardenability

Cold Straightening/Lot Variability

(U) Likewise, the manufacture of U-3/4 Ti has several
critical process sets. The production flow of material is dependent
on a singie extrusion press or rolling mil1. This heavy equipment
represents a large initial capital investment which renders a
back-up system unfeasible. A major mechanical breakdown of this
machinery could shut down the production facility for an unacceptable
length of time.

(U} The Army's demand for very high quality, high
ductility DU penetrators has required the large volume producers to
abandon their previous procedures and concentrate on the exacting
specifications that tightly control chemical impurities, mechanical
properties and imply the necessity for a vacuum solutionize and
slow water quench. These specifications have been found to be
workable as experience is acquired, but care and attention will be
necessary throughout the manufacturing program.

10
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Iv. (U) Cost

(U} The cost of a pound of uranium hexafluoride (UF,)
can range from $.0125 to $2.50 depending on the quantity, venddr,
type of procurement facility, means of transportation, and condition
of delivery. Tungsten powder, in the somewhat equivalent state
(ammonia paratungstate - APT) costs approximately $10 to $16 per
pound. This tremendous difference in cost for raw material has
fostered the notion that a concomitant cost differential would
be evident in the production of penetrators. Recent production
experience has shown this notion to be erroneous,

(U) A direct cost comparison of two items of ammunition
is ofter difficult due to numerous changes in the time, quantity
and ground rules associated with the hypothetical or actual procure-
ment. For the purpose of this discussion, a procurement of 500,000
cartridges over a three year perfod was postulated. The 105mm XM774
was used as an example, with the latest (May 1980) cost figures
used as a basis for projections, Three years of production experience
with the M735 Tungsten Alloy Core and initial FY80 contracts for
the XM774 Depleted Uranium Core influenced the estimates.

{U) 1In order to illustrate the effect that a WA vs DU
penetrator has on unit price, the three costs are highlighted: the
unit cost of a penetrator, the unit cost of a cartridge delivered to
the field and the unit cost of a cartridge that has completed its
1ifecycle and has undergone demilitarization (has been scrapped).

(U) Using the above ground rules, an itemized cost com-
parison was formulated (Table 6?. The procurement cost for the DU
version is substantially lower than its WA counterpart. The $137

WA core cost is approximately 77% higher than the $77 LU core cost.

When the balance of the costs necessary to assemble and ship a
cartridge to the field are considered, the cost difference is tempered
by the larger unit cost and the WA cost is 15% higher. The dollar
difference would still be $30 million for this hypothetical procurement.

(U) When the full life cycle of the cartridge is considered,
one must evaluate the demilitarization costs of each item. For the
DU cartridge, the disassembly and disposal of the components repre-
sents a one to three dollar expense, the higher value resulting if
the DU core contaminates the aluminum sabot assembly which would require
contaminated disposal. Demilitarizaiton of the WA version would result
in a profit due to the high scrap value of the WA. This large scrap
differential has a major influence on the overall life cycle cost,
bringing the WA version within one percent of the DU version,

n
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(U) It is 1ikely that the decision maker would be influenced
more by a multi-million dollar present cost difference than by a
theoretical reimbursement in 20 - 30 years, The reality of a large
acquisition cost difference should give the DU a favorable balance.
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Table 6 - (U) Itemized Cost Comparison for Procurement ofggM774
DU and WA Cartridges

CARTRIDGE

WITH CARJ¥%EGE
DU CORE WA CORE  HIGHER WA
LOW HIGH COST (%)
MPTS & ASSY 94 .84 94 .84 94 .84 -
CORE 77.28 77.28 136.99 17%
LAP 144.48 144 .48 144 .48 -
EDSP 24.55 24.55 24 .55 -
P&A 45,23 45.23 45.23 -
REF HDW 2.87 2.87 2.87 -
QA 1.08 1.08 1.08 -
ACQUISITION COST 390.33 390.33 450.04 15%
DISP. COST (SCRAP CREDIT) 1.10 2.98 (53.24) -
LIFE CYCLE COST 391.43 393.31 396.80 1%

ASSUMPTIONS: 1.

2.
3.

Constant FY80 $'s

Total quantity of 500,000 procured over three years.
High and low DU cost based on maximum and minimum
disposal costs.

13
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V. . Per formance (U)

(U) For the purpose of this discussion, performance is
considered analagous with ability to withstand gun launch and to
penetrate armor targets. Both materials have very high densities
and, when properly designed into high length-to-diameter cores, provide
efficient penetration of thick, complex armors.

(U} The behavior and resulting performance of the two
materials is distinctly different and is often dependent on the com-
bination of mechanical properties chosen. Oue to.its Tower ductility
and higher modulus, the tungsten penetration tends to break into
pieces in the nose area or along its length. If this phenomenon is
ccuntered by increasing the ductility of the rod, the result would be
an inefficient penetrator due to mushrooming of the nose and/or severe
bending. If improved performance against a specific target is desired,
two basic options are available to the tungsten designer. The mechanical
properties of the rod can be manipulated, or the front of the rod can
be designed to include precurser penetrators, attenuators, preferential
notches, etc, 2all in an attempt to mimimize breaking of the rod.

(U) The problems associated with the latter approach are
that changes made to optimize performance versus a specific target
tend to compromise performance versus other targets. Given the
multitude of target arrays currently required, this task has become
exceedingly difficulit.

(U) The behavior of a DU penetrator attacking an armor
array is noticeably different from that of {ts WA counterpart. The
DU rod tends to "ablate" as it passes through armor. Its nose is
worn away in relatively fine pieces while a reasonably efficient
front cross section is constantly presented to the remainder of the
target. Although minor bending of the rod may be observed, longi-
tudinal breaking is not 1ikely. This behavior is primarily attri-
buted to the high duntility, high strength and low elastic modulus
(e.g. sound speed) inherent in DU penetration.

¥ The performance differences between DU and WA penetrators
is shown in Figures 1, 2 and 3. Figure 1 compares performance of the
two materials when tested against the NATQ Heavy Single Target. The
lower 1imit velocity represents increased penetration. The graph shows
that the advantages of DU are not manifested when attacking this target
if the penetrator is low density, 1ight and short., In fact, if the
graphic representation of the rather scattered data is current, WA
can outperform OU under those conditions. As the penetrator increases
in density and length-to-diameter ratio, the DU version becomes increasingly
more effective. With geometrics and materials typical of the 105mm
XM833 and 120mm XM829 the superiority of DU becomes significant,

14
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FIGURE 1, . PERFORMANCE OF VARIOUS DU AND WA PENETRATORS VERSUS THE NATC HE/ZVY SINGLE TARGET (u)
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FIGURE 2. W PERFORMANCE OF VARIOUS DU AND WA PENETRATCRS VERSUS THE NATC HEAVY TRIPLE TARGET (U)
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This trend is magnified as the target arrays become more
complex. Figure 2 representing NATO Heavy Triple, shows that the DU
outperforms the WA regardless of material or geometrygf the penetrator.
This trend is equally profound when these types of prUfectiles are
evaluated against modern, special armor targets.

- The significance of this difference can be seen in Table 7
where the effective range of the XM833 and XM829 are shown for DU and WA
for several postulated targets representative of current and future
Soviet tanks. Though the difference in effective range between the
materials is evident with the conventional targets, the WA still provides
a reasonable effectiveness. However, as the targets become more difficult
the WA core effectivenecs drops off to zero. Although it is recognized
that a zero effective range versus a simulated target is an overdramati-
zation of ineffectiveness, the inability of the WA versions to penetrate
critical areas of a future tank would seriously degrade the overall
ki1l probability.

(U) This discrimination in penetration performance is probably
the single-most important factor justifying the choice of DU over WA.

17



Table 7 - @} Effective Range {KM)} of KE Rounds vs. Modern Targets*g (u)

~%

TARGET -
PENETRATOR

PROJECTILE MATERIAL HS* HT* INCREASED DIFFICULTY TARGETS
XM833 DU 11.0 9.1 5.5 6.6 6.5 3.3
XM833 WA 4.5 4.0 4.8 4.1 3.9 -
xM829 pu 12.7 10.8 12.6 8.3 8.2 5.0
XM829E1 WA 8.6 7.3 9.8 5.9 5.8 -
* HS = NATD Heavy Single

HT = NATO Heavy Triple

18
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VI. (U) Safety, Environmental & Development (U)

(U) The 1ife cycle management of tungsten alloy kinetic
enerqgy cartridge s similar to that of any other inert materfal used
in munitions and as such required no special handling or unique
precautions.

(U) Having been sensitized to adverse air quality emissions
resulting from repetitive armor penetration testing of DU munitions,
DARCOM Safety formally required TECOM to sample and document the air
quality from WA testing. This situation is viewed as temporary as it is
unlikely that a requirement for enclosed or constantly monitored
tungsten testing will endure,

(U) On the other hand, the utilization of DU as a penetrator
material mandates a host of special requirements. DU is currently con-
sidered a Source Material and as such must be controlled by licensed
installations only. Each licensee must satisfy all conditions specified
in his license application. The Nuclear Regu1atoryzﬁommission (NRC)
is responsible for license approval and compliance.

(U) The extent of special handling and precautions necessary
depend on the operations being performed under the license. During the
manufacture, armor penetration testing and operations where the DU is
manipulated or processed requires rather extensive regulation. With
other operations where the DU is simply handled, such as assembly into
a projectile, load-assemble-pack or depot transportation, special require-
ments are minimal.

(U) The XM774, being the US Army's first production {tem
utilizing DU, was the candéigSg for a wealth of special studies involving
lab and field experiments. Each step in the 1ife cycle of the XM774
was critiqued to determine special procedures required. A conservative
approach was adapted wherein data from testing and calculations was
assumed to be required. The burden of proof was placed on the program.

(U) To date, the XM833 and XM829 have not been required to
shoulder these same burdens, Two factors might be responsible for this
low key atmosphere: The personnel norm2lly invelved in the safety and
environmental issues have been preoccupied with the XM774, and the majority
of the studies and tests conducted on the XM774 apply directly to the
other two rounds, As can be seen from Table 8, the estimated funding and
number of tasks deemed necessary for the XM833 and XM829 are considerably
reduced from that required of the XM774. Some repetitive testing will
be required on the 120mm XM829 due to the utilization of a new propellant
ignition system.
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(U) A similar situation exists with the special capital
equipment necessary to support the production and fielding of a
DU anti-tank cartridge. A considerable investment was made in
manufacturing facilities and in test range equipment (e.g. armor
plate target enclosure). Once established and proven, these
facilities will be adaptable to the follow-on programs. The invest-
ments associated with the XM833 and XM829 will be required primarily
due to the unique design features of each round, and not necessarily
to support DU deployment.

(U) A less tangible yet very disturbing possibility is
that the XM774 (and by association the XM833 and XM829) will not
be deployed to NATO forces in Europe due to internal or external
political considerations. The obvious solution to this potential
problem is to jointly develop a tungsten alloy sister round. This
nfter considered "insurance policy" option has been presented on
several occasions but never funded, As an example, a proposal
submitted in FY79 for a tungsten companion round for the XM833
would have required an additional five miilion dollars of RDTAE
funds and could have been type classified concurrently. Despite
its inferior penetration ability as compared to the parent OU
version, it could have exceeded the performance of the DU XM774.

(U) An attractive offshot of a potential WA XM833
development would be forefgn military sales (FMS). A very volital
market exists with our allfes to develop or procure the most effective
tank ammunition candidates. A high performance XM833 WA would be
an extremely attractive option. The current US policy (law)
that a weapon cannot be developed exclusively for potential FMS
negates what otherwise would serve as a major justification for
development of the sister rounds.
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Table 8 - (U) Special Studies & Tests Required to Support Fielding
of a DU Cartridge (Approximate)

XM774/
TASK M735E1 xM833 XM829
Hazard Burn Test $ 60K NR $ 80K
External Radiation 20K $30K 30K
Tank Radiation 30K 20K 50K
DA Personnel Training 40K NR NR
Air Quality Calculations 74K 30K NR
Armor Test Air Sampling 160K NR 50K
APG Environmental Monitoring 120K NR NR
Tank Burn Test 70K NR NR
Igloo Hazards Calcualtions __80K NR_ NR

$655K $80K $210K

(NR - Not Reguired)

UNCLASSIFI2



UNCLASSIFIFD

REFERENCES

1. Sidney S. Jacobson and Joseph Hegedus, "Design and Development of
the XM578 APFSDS-T Cartridge for the 152mm XM1530 Gun/Launcher:

United States/Federal Republic of Germany Main Battle Tank Program (U),"
Picatinny Arsenal Technical Report 3835, December 1973, Confidential,

2. Joseph Hegedus,et al, "Design and Development of the XM578 APFSDS-T
Cartridge for the 152mm XM150 Gun/Launcher: United States/Federal
Republic of Germany Main Battle Tank Program (U)," Picatinny Arsenal
Technical Report 4133, September 1970, Confidential.

3. Sidney S. Jacobson, '"Design and Development of the XM578 APFSDS
Cartridge for 152mm XM150 Gun/Launcher" XMB03 Main Battle Tank
Program (U)," Picatinny Arsenal Technical Report 4297, November 1971,
Conf idential.

4, Sidney S. Jacobson, "Design and Development of the XM578 APFSDS
Cartridge for 152mm XM150 Gun/Launcher: XM803 Main Battle Tank
Program (U)," Picatinny Arsenal Technical Report 4428, September 1972.

5. Richard P. Davitt, "Design and Development of the XM578 APFSDS-T
Cartridge for the 152mm XMI50 Gun/Launcher: XMB03 Main Battle Tank
Program (U) ," Picatinny Arsenal Technical Report 4778, December 1975,
Confidential.

6. Elie L. Barrieres and Richard P. Davitt, "Parametric Study of
Primary Armament Ammunition for the XMB15 Main Battle Tank," Picatinny
Arsenal Technical Report 4412, August 1972, Confidential,

7. Sidney S. Jacobson, "Design and Development of the XM735 APFSDS-T
Cartridge for the 105mm M68 Gun (U)," Picatinny Arsenal Technical
Report 4777, March 1975, Confidential.

8. James P. Smith, "Penetration of High Length-to-Diameter Ratio
Interim Test Report," Picatinny Arsenal Technical Report 4805,
August 1975, Confidential.

9. Richard P. Davitt, "Design and Development of the Cartridge. 105mm,
APFSDS-T, XM774," Anti-Armor Section Report 102, October 1975,
Conf ident {al.

10. The Tank Main Armament Team, "The 105mm Tank Gun System New

Initiative: The ARRADCOM Upgun Program (U)," Ballistic Research
Laboratory Techmical Report ARBRL-TR-02177, July 1979, Secret.

UNCLASSIFIFD



UNCLASSIFIFD

11. Calvin T. Candland, et al, "120mm XMB29 Feasibility Demonstration
Program (U)," ARRADCOM Technical Report ARBRL-TR-(02237, April 1980,
Secret.

12, The Ad Hoc Panel on Depleted Uranium, "Trends in the Use of
Depleted Uranium," National Materilals Advisory Board (NAS-NAE),
Publ ication No. NMAB-275, June 1971.

13. Richard P, Davitt, Penetration Results for 105mm and 120mm
APFSDS Delta Projectiles,” Picatinny Arsenal Technical Report 4605,
May 1974.

l4. "Philosophy and Implementation of Nondestructive Testing for
Tank Projectile Metal Parts (105mm and 120mm)," Product Assurance
Directorate, US Army Armament Research and Development Command.

15. "Trends in the Usage of Tungsten,”" National Materials Advisory
Board (NAS-NAE), PB-223 716, July 1973.

16. PRowe, W. R, and Suckling, J. H., "Tests of Steel Penetrators
Impacting Triple Targets," U.S. Army Armament Research and Development
Command, Ballistic Research Laboratory, Aberdeen, Maryland, Interim
Memo Report No. 464, January 1976, Confidential.

17. Herr, E. L., et al,, "Ballistic Evaluation of Scaled Depleted
Uranium Penetrators,”" U.S. Army Armament Research and Development
Command, Ballistic Reserach Laboratory, Aberdeen, Maryland, Interim
Memo Report No. 440, October 1975, Confidential.

18. Giglio-Tos, L., et al., "The Supplemental Data Shoot Program:
Characterization of Penetration Performance of Generic, Sheathed,
Composite, Kinetic Energy Penetratior vs. Tank Armor Configurations,”

U.S. Army Armament Research and Development Command, Ballistic Research

Laboratory, Aberdeen, Maryland, Report No. 1980, April 1977,
Confidential.

19. Konrad Frank, "Special Report - Armor Penetration Estimates,”
Ballistic Research Laboratories Report, May 1980,

20. "Rules and Regulations - Title 10, Chapter 1, Code of Federal
Regulations - Energy - Part 20: Standards for Protection Against

Radiation," U.S. Nuclear Regulatory Commission, Washington, D.C.,
Revised April 28, 1977,

23

UNCLASSIFIFD



UNCLASSIFIFD

21. "Environmental Impact Assessment for the 105mm APFSDS-T
Cartridges M735E1 and XM774," U.S. Army Armament Research and
Development Command, Large Caliber Weapon Systems Laboratory, Dover,
New Jersey, February 1978.

22. Glissmeyer, J. A., Mishima, J. and Gilchrist, R. L., "Char-
acterization of Airborne Uranium from Test Firings of XM774 Ammunitioun,"
Battelle, Pacific Northwest Laberatories, Richland, Washington,
PNL-2944, April 1979 (Draft Report).

23. '"Preliminary Evaluation of Contamination of M-30 Propellant in
Contact with Depleted Uranium,” U.S. Army Armament Research and
Development Command, Large Caliber Weapon Systems Laboratory, Dover,
New Jersey, October 18, 1977.

24. Davitt, R. P., Taras, D. and Parola, R., "XM/74/M735El Shipping
Categories,: February 24, 1978 (Telephone Communication).

25, Gilchrist, R. L., Parker, G. B. and Mishima, J., "Radiological
and Toxiceological Assessment of an External Heat (Burn) Test of

the 105mm Cartridge, APFSDS-T, XM774," Battelle, Pacific Northwest
Laboratories, Richland, Washington, PNL-2670, March 1978.

26. Davitt, R. P., "Corrosion Studies of the 105mm XM774 U-3/4 Ti1
Core," U.S. Army Armament Research and Development Command, Large
Caliber Weapon Systems Laboratory, Dover, New Jersey, May 1978.

27. Bartlett, W. T., Mulhern, O. R. and Hooker, C. D., '"Measurement
of the External Dose Rates from Depleted Uranium Used in 105mm
Ammunit ion Development," Battelle, Pacific Northwest Laboratories,
Richland, Washington, BNW-921-3, 1977,

28, Gilchrist, R, L., Bartlett, W. T., and Endes, G. W. R.,
"Radiation Characterization and Exposure Rate Measurements from
Cartridge, 105mm, APFSDS-T, XM774," Battelle, Pacific Northwest
Laboratories, Richland, Washington, PNL-2947, April 1979 (Draft
Report). NOTE: on Page 5, the value for 234 U should have been shown
as 0.00034%.

29, Bennellick, E. J., "A Review of the Toxicology and Potential
Hazards of Natural, Depleted and Enriched Uranium," United Kingdom
Atomic Energy Authority, Harwell, Didcot, Berkshire, AHSB(RP) R 58,
1966.

30. Wright, E. G., "Special Study - The Effect of Bay Water on Pre-
viously Fired Depleted Uranium (D.U.) Penetrators,” U.S. Army

Armament Research and Development Commend, Ballistic Research Lab-
oratory, Aberdeen, Maryland, 1976 (Draft Report).

24

UNCLASSIFIFD



UNCLASSIFIFD

31. Stoetzel, G. A., Waite, D. A., and Gilchrist, R. L., "Pre-
liminary Environmental Survey of the B-~3 Range and Ford's Farm Area,'
Battelle, Pacific Northwest Laboratories, Richland, Washington,
PNL-2976, May 1979 (Draft Report).

UNCI.A&SSIFIFD



No., of
Copies

UNCLASSIFIFD

DISTRIBUTION LIST

Organization

2

. ATTN:

Commander

Defense Technical Info Center
DDC-DDA

Cameron Station

Alexandria, VA 22314

Deputy Under Secretary

of Defense
Tactical Warfare Programs
ATTN: Mr. R. Moore
The Pentagon, Room 3E1044
Washington, DC 20310

Deputy Under Secretary

of Defense
Rsch and Advanced Technology
ATTN: Mr. R, Thorkildsen
The Pentagon, Room 301089
Washington, DC 20310

Deputy Assistant Secretary
of the Army (RA&D)

Department of the Army

Washington, DC 20310

HQDA (DAMA-CSM-CS) LTC German
( DAMA-CSM-CS) Mr. Lippi
Washington, DC 20310

Commander
US Army Materiel Development
and Readiness Command
ATTN: DRCOE-DW, LTC Ramsey
DRCO, Mr., Shirata
5007 Ejsenhower Avenue
Alexandria, VA 22333

Commander

US Army Armament Research
and Development Command

ATTN: DRDAR-TSS

Dover, NJ 07801

No. of
Copies

Organization

7

UNCLASSIFIFD

Commander
US Army Armament Research and
Development Command
ATTN: Dr. J.T. Frasier

Mr. G. Demitrak

Dr. E. Bloore

Mr. R. Hulbert (2)

Mr., G. Kent

Mr. N. Gravenstede
Dover, NJ 07801

Commander
US Army Armament Materiel
Readiness Command
ATTN: DRSAR-LEP-L, Tech Lib
DRSAR-ASR, Mr, W, Harris
DRSAR-LEA-A, Mr. Lundt
Rock Island, IL 61299

Director
US Army ARRADCOM
Benet Weapons Laboratory
ATTN: DROAR-LCB-TL
Dr. T. Davidson
Dr. J. Iweig
Watervliet, NY 12189

Commander

US Army Tank Automotive
Research & Development Cmd

ATTN: DRDTA-UL

Warren, MI 48090

Project Manager

Division Afr Defense Gun

ATTN: DRCPM-ADG, Mr. R. Smith
Mr. S. Spaulding

Dover, NJ 07801

Commander
US Army Materials and
Mechanics Research Center
ATTN: DRXMR-T, Dr., A.F. Wilde
DRXMR-T, Dr. J. Mescall
DRXMR-ATL
Dr. F. Larson
Watertown, MA 02172



UNCLASSIFIFD .

DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
1 Commander 2 Commander
US Army Research Office USATECOM
ATTN: DOr, E. Saibel ATTN: DRSTE-CM-R,
P.0, Box 12211 Mr. D. Witt

Research Triangle Park
NC 27709

ADTC/OLJW (LTC J. Osborn)
Eglin AFB, FL 32542

AFML (Dr. T. Nicholas)
Wright-Patterson AFB, OH 45433

ASD (YH/EX, John Rievliey)
Wright-Patterson AFB, OH 45433

Battelle Columbus Labs
ATTN: Mr. J. Backofen
505 King Avenue
Columbus, OH 43201

Sandia Laboratories
ATTN: Dr. L. Bertholf
Mbuguerque, NM 87115

University of California
Los Alamos Scientific Lab
ATTN: ©Or. R. Karpp

P.0. Box 808

Livermore, CA 94550

University of Denver

Denver Research Institute
ATTN: Mr. R.F. Recht

2390 S. University Boulevard
Denver, CO 80210

Oir, USAMSAA

ATTN: DORXSY-D, Mr. M. Reches
DRXSY-GA, Mr. W. Brooks

Aberdeen Proving Ground, MD 21005

UNCLASSIFIFD

Mr, L. Saubier
Aberdeen Proving Ground, MD 21005

OUSDRE-AMRAD
ATTN: COL P, Lynch
Washington, DC 20301

Commandant
US Army Armor School
ATTN: ATSB-CD-MSOD, Mr. M.
Falkovich
ATSB-CD-MSDD, MAJ Edmenson
Ft Knox, Kentucky

Union Carbide
Nuclear Division

ATTN: Mr. T. Myhre
Bldg 9103, Y-12 Plant
Box Y

Oak Ridge, Tenn 37830
Commander

US Army Training & Doctrine Cmd
ATTN; ATCD-M-A, LTC McCown

Ft Morroe, VA 23651

Flinchbaugh Products, Inc.
Product Development Division
ATTN: Mr. V. Guadagno

Mr. G, Miller
Richard Mine Road
Wharton, NJ 07885

Chamberlatn Manufacturing Corp
Research & Development Division
ATTN: Mr. E. Steiner

Mr. T. Lynch
East 4th and Esther Streets
Waterloo, IA



Ne. of
Copies

UNCLASSIFIFD

DISTRIBUTION LIST

Organization

Battelle Northwest Laboratories
ATTN: Mr. R, Kemper

Mr. K. Sump

Battelle Boulevard

Richland, WA 99352

28

UNCLASSIFIFD



